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Description 

This invention relates to the measurement or 
detection of chemical entities in liquid samples and 
to replaceable modules for use in apparatus for 
such measurement or detection. 

A wide variety of analytical systems are avail- 
able for measuring chemical entities such as ions, 
e.g., potassium, sodium and chloride; gases e.g., 
0 2 ; and organic compounds, e.g. glucose, in liquid 
samples such as blood, urine, and liquids related to 
industrial processes. Such systems contain compo- 
nents which from time to time require maintenance 
or replacement. 

German Offenlegungsschrift DE 32 06 049 dis- 
closes apparatus for the potentiometric or polarog- 
raphic analysis of solutions, which comprises a 
base module (K1) and a number of measurement 
modules (K2, K3) detachably mountable on the 
base module. Each measurement module has a 
flow passage for solution to be analysed, a measur- 
ing electrode (M1, M2) and a reference electrode 
(R1, R2). The base module contains a pump for 
causing solution to flow through the flow passages, 
and control of the pump and of calibration and 
measurement is carried out from the base module. 

In general, in one aspect thereof, the invention 
features apparatus for measuring or detecting a 
chemical entity in a liquid sample, the apparatus 
comprising a first module comprising a flow pas- 
sage for said sample, said flow passage including a 
sensor for measuring or detecting said chemical 
entity, said first module being operationally con- 
nected to a second module via connecting means 
permitting disconnection of said first and second 
modules and connection of a replacement first 
module to said second module, said first module 
further comprising pump means for advancing said 
sample along said flow passage and characterized 
in that said second module comprises means for 
activating said pump means. 

In preferred embodiments, the first module in- 
cludes a plurality of different sensors for measuring 
a plurality of different chemical entities in the sam- 
ple; the pump means is located downstream from 
the sensor; and the first module further includes a 
waste chamber for holding the sample after the 
chemical entity has been measured, and a holding 
chamber for a calibrating reagent, whose passage 
into the flow passage is controlled by a selector 
valve which also controls intake of the sample into 
the flow passage. 

In a second and alternative aspect of the 
present invention, we provide a replaceable module 
for use in apparatus for measuring or detecting a 
chemical entity in a liquid sample, which module 
comprises a flow passage for the sample including 
a sensor for measuring or detecting the chemical 



entity and pump means for advancing the sample 
long the flow passage, said replaceable module 
having no means for activating said pump means, 
but being adapted to rely on activating means in 

5 the remainder of said apparatus for activation of 
said pump means. 

The described embodiment of flow-through ap- 
paratus provides all of the components which come 
into contact with the sample - the flow passage, 

w sensors, and pump - as well as the depletable 
calibration reagent, in a sealed, disposable car- 
tridge which, after it has been used to carry out a 
predetermined number of tests (e.g., sodium and 
potassium measurements on 100 whole blood or 

75 serum samples), is disposed of in its entirety and 
replaced. The user (e.g., a physician using the 
apparatus in his office) does not need to learn how 
to maintain the electrodes or the pump, or keep 
reagents on hand to refill reagent containers (a 

20 procedure which also carries with it the possibility 
of the introduction of contaminants, or the refilling 
of a container with the wrong reagent). 

Another advangage of the specific embodiment 
of apparatus described below is that the disposable 

25 cartridge obviates expensive, time-consuming, and 
potentially contaminant-introducing preventive 
maintenance involved in the cleaning and/or re- 
placement not just of reagents but also of the 
sensors, tubing, and other flow path elements, 

30 which would otherwise need to be kept in stock to 
be available when needed, and which would re- 
quire, for servicing, the ready availability of trained 
service personnel, to both recognize the need for, 
and provide, such servicing. 

35 An additional advantage of the specific embodi- 

ment is that the short, nearly horizontal flow path of 
the disposable cartridge prevents the development 
of a fully laminar flow path, which could otherwise 
result in measurement errors. 

40 Other features and advantages of the invention 

will be apparent from the following description of 
the preferred embodiment thereof, and from the 
claims, 

45 Description of the Preferred Embodiment 

The drawings will first briefly be described. 
Fig. 1 is a diagrammatic representation of mea- 
surement apparatus of the invention; 
so Fig. 2 is a plan view of the top and bottom 
portions of apparatus of the invention; 
Fig. 3 is a bottom plan view of a portion of the 
apparatus of Fig. 2; 

Figs. 4 and 5 are side sectional views of por- 
55 tions of said apparatus; 

Rg. 6 is a perspective view of a portion of said 
apparatus; 

Fig. 7 is a sectional view taken at 7-7 of Rg. 6; 
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Fig. .8 is a perspective view of an electrode 
assembly of said apparatus. 

Structure 

Referring to Fig. 1, analyzing apparatus 10 
includes first module 12, connected to second 
module 14 such that module 12, a disposable 
cartridge, can be replaced periodically. 

First module 12 contains a sample flow pas- 
sage including, beginning upstream, sample inlet 
port 18; photosensor 49; flow cell 22, containing 
electrodes 24; and waste chamber 26. Reagent 
holding chambers 28 and 29 communicate with 
rotary selector valve 20 via passages 30 and 31. 
Row cell 22 also includes, downstream from elec- 
trodes 24, rotary valve 32 which communicates 
with pump 34 via passage 39, and with reference 
chamber 78 via passage 37. 

Second module 14 includes valve motor 36, 
computer 38 associated with display screen 40, 
and pump motor 42. Valve motor 36 is operatively 
connected to valves 20 and 32, via activator shafts 
54. Pump motor 42 is operatively connected to 
pump 34 via pump cam 77. Electrodes 24 and 
reference chamber 78 are connected to computer 
38 via electrical connections 48, and motors 36 and 
42 are connected to computer 38 via electrical 
connections 50 and 52, respectively. 

Referring now to Fig. 2, there is shown appara- 
tus 10 taken apart, as when module 12 is to be 
replaced; the top portion of module 14 (containing 
the motors and computer) is shown in plan topside 
down, and module 12 and the bottom portion of 
module 14 (serving as a holder for module 12) are 
shown in plan. Module 12 fits into the bottom 
portion of module 14 such that the flat surface of 
each is flush with the other. The top portion of 
module 14 fits onto the bottom cartridge holder 
portion via snap connector posts 17. which mate 
with holes 15. Valve shafts 54 mate with valves 20 
and 32. 

Module 12 also includes vent 13 and six elec- 
trical connections 19, which meet pogo pin connec- 
tions 100 in the top of module 14. As shown in Fig. 
2, two of the connections are connected to contact 
points 82 from the two electrodes of the electrode 
assembly (Fig. 8) via wires 33; one to silver/silver 
chloride wire 43 from reference chamber 78; and 
three to the connection 47 to photosensor 49 at the 
entrance to flow passage 18. Module 12 further 
includes reagent inlet tubes 56 and 58 from 
reagent chambers 28 and 29, respectively; waste 
tube 64, leading to waste chamber 26 (which con- 
tains a disinfectant); reference tube 65 leading to 
reference chamber 78; and pump tube 45, leading 
to pump 34 (Fig 1). Four vent tubes 51 connect 
chambers 28. 29, 26, and 78 with vent 13. Also 



shown is diaphragm 71 of pump 34. Slot 21 is 
large enough to permit the finger of the user to 
reach into module 14 to remove module 12 and 
then insert its identical replacement. 
5 Fig. 3 is a bottom plan view of module 12, 

showing reagent chambers 28 and 29, reference 
liquid chamber 78, and waste chamber 26, sur- 
rounding the other three chambers. 

Fig. 4 is a side sectional view of module 12, 
io showing the positioning of the chambers below the 
remainder of the module. 

Fig. 5, a side sectional view of apparatus 10 
above the level of the reagent chambers and 
through the center of the flow passage, illustrates 
15 the relationship between motors 36 and 42 of mod- 
ule 14, and flow cell 22 and the remaining portion 
of the flow passage of module 12. Motor 36 drives 
Teflon and plastic rotary valves 20 and 32 via 3- 
position, 45 • Geneva mechanism 76, connected to 
20 the valves via valve shafts 54. 

Motor 42 is connected via pump cam 77 to 
pump 34, which is made up of shaft 73, plunger 
72, flexible diaphragm 71, and pump chamber 70; 
shaft 73 and plunger 72 are components of module 
25 14, while diaphragm 71 and chamber 70 are com- 
ponents of module 12. Motors 42 and 36 are both 
Cannon PF55 series stepping motors. Flow cell 22, 
which is cast of flexible silicone rubber, makes 
nipple connection 39 with the remainder of module 
30 12, at the point of continuation of the flow passage. 

Fig. 6 illustrates flow cell 22 and its connec- 
tions to the remainder of apparatus 10. Slot 41 
holds electrode assembly 80 (Fig. 8). All tubes 
mate with openings in flow cell 22 via nipple con- 
35 nections. Opening 63 is adapted to receive glass 
capillary tube 67. 

Fig. 7, taken at 7-7 of Fig. 6, shows passages 
of flow cell 22, including the upstream (18) and 
downstream (39) portions of the flow passage, 
40 reagent passages 30 and 31, waste passage 35, 
and reference passage 37. 

Referring to Fig. 8, molded polyvinylchloride 
(PVC) electrode assembly 80 includes electrical 
connection points 82, connected to silver/silver 
45 chloride electrode wires 81 in the electrolyte solu- 
tion of each electrode; two recessed, electrolyte- 
containing chambers 84, covered with fiat, ultra- 
sonically welded plastic plates 86; flow passage 88, 
including inlet and outlet ports 90 and 92, respec- 
50 lively; and integrated cast PVC, potassium ion 
selective and sodium ion selective membranes 94 
flush with the remainder of the flow passage. The 
potassium ion selective membrane was made gen- 
erally as described in Mikrochim , Acta (1980) Vol. 
55 II, page 309, and the sodium ion selective mem- 
brane was made generally as described in Auber 
et al. (1983) Clin.Chem. 29(8), 1508. 
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Operation 

Referring to the Figures, to analyze a blood 
sample for potassium and sodium concentration, 
the sample is placed in capillary tube 67, which is 
inserted into the apparatus, tripping photosensor 
49, which activates computer 38, which has been 
programmed to activate motors 36 and 42 to auto- 
matically take the sample through one measuring 
cycle, and to receive and process generated data. 
The computer and its software are not included in 
the present invention. In the illustrated embodi- 
ment, they are shown contained in module 14; they 
could just as well be in a separate module elec- 
trically connected to module 14. 

The potassium and sodium ion concentrations 
of calibration reagent 28, sample, and calibration 
reagent 29, are measured sequentially. Each liquid 
is drawn into the flow path to contact the elec- 
trodes by the action of valves 20 and 32, and of 
pump 34. Motor 36, through Geneva mechanism 
76, drives both valve 20, the position of which 
determines whether the sample, calibration reagent 
28, or calibration reagent 29 enters the flow cell, 
and valve 32, the position of which determines the 
flow ceirs communication with the pump, the refer- 
ence chamber, and the waste chamber. The pump 
determines fluid volume in the flow cell, and moves 
up and down mechanically independently of the 
valves. 

The electrochemical potentials of sample and 
the calibration reagents are determined with refer- 
ence to the reference liquid which, prior to each 
measurement, meets the liquid being analyzed in 
the downstream region 39 of the flow passage to 
create a liquid junction. The generated signals 
(electrical potentials) are then amplified and digi- 
talized via an analog/digital converter; the activity of 
each ion is automatically calculated using the 
Nicolsky equation. 

The first step in the process is a calibration 
analysis of the calibration reagent 28 remaining in 
the flow passage from the previous measurement; 
this is an isotonic sodium and potassium chloride 
reagent. After this measurement has been made, 
the sample fills the flow passage and is analyzed. 
Next, sodium and potassium chloride calibration 
reagent 29 enters and is analyzed, and then addi- 
tional calibration reagent 28 enters and is analyzed, 
and remains for the start of the next cycle. 

The measurements of the two calibration 
reagents serve to calibrate the electrodes, to act as 
a check on instrument functions, and to flush the 
system between samples. The salt solutions in 
chambers 28, 29, and 78 are all standard solutions 
used for these purposes by persons of ordinary 
skill in this field; their composition and method of 
preparation are given in Osswalt et al. page 74, in 



Lubbers et al. (1981) Progress in Enzyme and Ion 
Selective Electrodes (Springer-Verllgy! ~ ~ 
Each liquid, after it has been analyzed, is eject- 
ed to waste chamber 26. As reagents and refer- 

5 ence solution are depleted, air enters the chamber 
via vent 13; each chamber (i.e. chambers 26, 28, 
29, and 78) is separately vented. 

After a predetermined number of samples have 
been analyzed (when reagents have been exhaust- 

io ed), the user opens the top of module 14, reaches 
into opening 21, lifts out module 12, discards it, 
drops in a replacement module 12, and closes the 
top portion of module 1 4. Valve shafts 54 reversibly 
mate with valves 20 and 32, and electrical contact 

75 points 19 make contact. At this point, the apparatus 
is ready for use, with none of the components 
which contact sample having been retained, 
cleaned, serviced, or touched by the user. 

20 Other Embodiments 

Other embodiments are within the following 
claims. 

For example, the number of measurements 

25 made on each sample can be as low as one, or 
there can be measurement of considerably more 
than two chemical entities. Measurements of dif- 
ferent chemical entities can be carried out at the 
same point in the flow passage, as in the above- 

30 described embodiment, or sequentially along the 
flow passage. Any chemical measurements can be 
made, using any chemical sensors; in addition to 
ion selective electrodes, measurements can be 
made using, e.g., pH electrodes, enzyme elec- 

35 trodes, or antibody /antigen sensors. Any liquid 
sample can be analyzed, e.g., urine, cerebrospinal 
fluid, industrial effluents, or drinking water. Any 
pump configuration can be used, e.g., peristaltic 
roller pumps, and the pump means can be located 

40 anywhere in the flow path, e.g., upstream rather 
than downstream from the sensor. One, rather than 
two, calibration reagents, can be used, and in some 
instances more than two or no calibration reagent 
will be required. The module containing the motors 

45 can be of any suitable configuration, e.g., ail one 
piece, or two hinged parts. Any other valves, in- 
cluding check, poppet or squeeze valves, can be 
used; and any actuating means, e.g., other motors, 
electromagnetic actuators such as solenoids, or 

so spring arrangements, can be used. Each valve and 
the pump can be driven by its own actuator, or one 
actuator can be used to drive all of them. 

Claims 

55 

1. Apparatus (10) for measuring or detecting a 
chemical entity in a liquid sample, the appara- 
tus comprising a first module (12) comprising a 
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flow passage for said sample, said flow pas- 
sage including a sensor for measuring or de- 
tecting said chemical entity, said first module 
being operationally connected to a second 
module (14) via connecting means permitting 5 
disconnection of said first and second modules 
and connection of a replacement first module 
to said second module, said first 
module further comprising pump means (34) 
for advancing said sample along said flow pas- io 
sage and characterised in that said second 
module comprises means for activating said 
pump means. 

The apparatus of claim 1 75 
characterized in that 

said first module comprises a plurality of 
different sensors for measuring a plurality of 
different chemical entities in said sample. 

20 

The apparatus of claim 1 
characterized in that 

said flow passage of said first module in- 
cludes, upstream from said sensor, a sample 
inlet port (18) for introducing said liquid sample 25 
into said first module. 

The apparatus of claim 1 
characterized in that 

said pump means is located downstream 30 
from said sensor. 

The apparatus of claim 3 
characterized in that 

said flow passage includes, downstream 35 
from said sample inlet port and upstream from 
said sensor, a selector valve (20) for controlling 
the intake of said sample into said flow pas- 
sage, said selector valve being actuated by 
means in said second module. 40 

The apparatus of claim 5 
characterized in that 

said first module~7urther comprises a hold- 
ing chamber (28, 29) for holding a calibrating 45 
reagent, said holding chamber being connect- 
ed to said flow passage, passage of said cali- 
brating reagent into said flow passage being 
controlled by said selector valve. 

50 

The apparatus of claim 1 
characterized in that 

said first module" includes, downstream 
from said sensor, a waste chamber (26) for 
holding said sample after said chemical entity 55 
in said sample has been detected or mea- 
sured. 



8. A replaceable module for use in apparatus for 
measuring or detecting a chemical entity in a 
liquid sample, 

said replaceable module comprises a flow 
passage for said sample, said flow passage 
including a sensor for measuring or detecting 
said chemical entity and pump means for ad- 
vancing said sample along said flow passage, 
characterized in that 

said replaceable module having no means 
for activating said pump means, but being 
adapted to rely upon an activating means in 
the remainder of said apparatus for activation 
of its said pump means. 

Patentansprtiche 

1- Vorrichtung (10) zur Messung bzw. zum Auffin- 
den eines chemischen Gebildes in einer flOssi- 
gen Probe, wobei die Vorrichtung ein erstes 
Modul (12) mit einem Durchflui5kanal fOr die 
Probe umfaflt, der einen Sensor fur das Mes- 
sen Oder Auffinden des chemischen Gebildes 
enthalt, wobei im Betrieb das erste Modul mit 
einem zweiten Modul (14) uber Verbindungs- 
vorrichtungen verbunden ist, die die Trennung 
des ersten und zweiten Moduls und die Ver- 
bindung mit einem Ersatz-Erstmodul mit dem 
zweiten Modul erlauben, wobei das erste Mo- 
dul weiterhin eine Pumpe (34) enthalt, mit der 
die genannte Probe in dem Durchflufikana! zu 
fordern ist, und dadurch gekennzeichnet ist, 
dafl das zweite Modul Mittel zum Antrieb der 
Pumpe enthalt. 

2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, da£ das erste Modul eine Vielzahl 
von verschiedenen Sensoren zur Messung ei- 
ner Vielzahl von verschiedenen chemischen 
Gebilden in der Probe enthalt. 

3. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, da£ der Durchflutfkanal im ersten Mo- 
dul, stromaufwarts vom Sensor aus gesehen, 
eine Proben-Einlaj3bohrung (18) umfatft, urn die 
flussige Probe in das erste Modul einzufuhren. 

4. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daJ3 die Pumpe stromabwarts vom 
Sensor aus gesehen angeordnet ist. 

5. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, da/3 die Durchfiufikanale, stromab- 
warts von der Proben-Einiaflbohrung aus gese- 
hen und stromaufwarts vom Sensor aus gese- 
hen, ein Selektor-Ventil (20) zur Steuerung der 
Probe-Aufnahme in den Durchfiuflkanal enthSIt, 
wobei das Selektor-Ventil durch Vorrichtungen 
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im zweiten Modul angesprochen wird. 

6. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, da/3 das erste Modul weiterhin eine 
Haltekammer (28, 29) besitzt, urn eine Eich- 
Reagenz zu speichern, wobei die Haltekammer 
mit dem DurchfluBkanal verbunden ist und der 
Durchflufl der Eich-Reagenz in den DurchfluB- 
kanal mit Hilfe des genannten Selektor-Ventils 
gesteuert ist. 

7. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dafl das erste Modul, stromabwarts 
vom Senor aus gesehen, eine Kloaken-Kam- 
mer (26) umfaBt, die die Probe speichert, 
nachdem das chemische Gebilde in der Probe 
gefunden oder gemessen worden ist. 

8. Erneuerbares Modul zur Verwendung in Vor- 
richtungen zur Messung oder zum Auffinden 
eines chemischen Gebildes in einer flussigen 
Probe, wobei das erneuerbare Modul einen 
Durchfluflkanal fur die Probe umfaflt, der einen 
Sensor fur das Messen oder Auffinden eines 
chemischen Gebildes und eine Pumpe enthalt, 
mit der die genannte Probe in dem DurchfluB- 
kanal zu fordern ist, 

dadurch gekennzeichnet, 
da£ das erneuerbare Modul keine Mittel ent- 
halt, um die Pumpe zu aktivieren, sondern auf 
Steuerungs- und Aktievierungsvorrichtungen im 
ubrigen Teil der Vorrichtung reagiert, mit de- 
nen die Pumpe ansprechbar ist. 

Revendications 

1. Appareil (10) de mesure ou de detection d'une 
entity chimique dans un echantillon liquide, cet 
appareil comprenant un premier module (12) 
comportant un passage d'ecoulement pour 
Techantillon, ce passage d'ecoulement com- 
portant un detecteur servant a mesurer ou a 
detecter Tentite chimique, le premier module 
etant branch^ fonctionnellement a un second 
module (14) par T intermedia* re de moyens de 
branchement permettant un debranchement de 
ce premier et ce second modules et le bran- 
chement d'un premier module de remplace- 
ment sur le second module, le premier module 
comprenant en outre des moyens de pompage 
(34) servant a faire avancer Techantillon le long 
du passage d'ecoulement, caracterise en ce 
que le second module comprend des moyens 
servant a activer les moyens de pompage. 

2. Appareil suivant la revendication 1 , caracterise 
en ce que le premier module comprend plu- 
sieurs detecteurs diffeVents servant a mesure 



plusieurs entites chimiques differentes dans 
Techantillon. 

3. Appareil suivant la revendication 1, caracteVise" 
5 en ce qu'en amont du capteur, le passage 

d'ecoulement du premier module comprend un 
orifice d'entr£e d'^chantillon (18) servant a in- 
troduce Techantillon liquide dans ce premier 
module. 

w 

4. Appareil suivant la revendication 1, caracterise* 
en ce que les moyens de pompage sont dis- 
poses en aval du detecteur. 

75 5. Appareil suivant la revendication 3, caracterise* 
en ce qu'en aval de Torifice d'entree d'£chan- 
tillon et en amont du detecteur, le passage 
d'ecoulement comprend des moyens a fonc- 
tion de soupape selectrice (20) servant a com- 

20 mander Tadmission de Techantillon dans te 

passage d'ecoulement, ces moyens a fonction 
de soupape selectrice etant actionn£s par des 
moyens disposes dans le second module. 

25 6. Appareil suivant la revendication 5, caracterise* 
en ce que le premier module comprend en 
outre une chambre de stockage (28, 29) ser- 
vant a stocker un reactif d'etalonnage, cette 
chambre de stockage etant reliee au passage 

30 d'ecoulement et le passage du reactif d'etalon- 

nage dans ce passage d'ecoulement etant 
commande par les moyens a fonction de sou- 
pape selectrice. 

35 7. Appareil suivant la revendication 1, caracterise 
en ce qu'en aval du detecteur, !e premier 
module comprend une chambre de rejet (26) 
servant a stocker Techantillon apres que Tenti- 
te chimique contenue dans cet echantillon art 

40 ete detectee ou mesuree. 

8. Module remplacable destine a etre utilise dans 
un appareil de mesure ou de detection d'une 
entite chimique dans un echantillon liquide, ce 

45 module remplagable comprenant un passage 

d'ecoulement pour un echantillon, ce passage 
d'ecoulement comportant un capteur, servant a 
mesurer ou a detecter Tentite chimique, et des 
moyens de pompage servant a faire avancer 

so Techantillon le long du passage d'ecoulement, 

caracterise en ce que ce le module remplaca- 
ble ne comportant comporte pas de moyens 
permettant d'activer les moyens de pompage, 
mais etant est adapte de fapon a pouvoir faire 

55 appel a des moyens d 'activation situes dans le 

reste de Tappareil en vue de Tactivation de ses 
moyens de pompage. 
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